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1 
This invention relates, t,o. apparat!s.,Joint!Y 
sponsive to impulse gr0_ups., alu:ivng, oveA''a 
plurality of charmels and more particularly to 
an impulse responsive network of the tyPe de- 
livering at its output a signal reflecting proper- 
ries prescrit in all ifs input channels. 
This invention provides an apparatus respon- 
sire to impulses or trains of impulses which ar- 
rive over a plurality of channels. The appara- 
tus does hot respond fo each impulse individ- 10 
ually, but to each group of. impulses delivered 
concurrently by the several channels. The out- 
put impulse or impulses produced by the' ap- 
paratus is determined by the energizing impulse 
grouP. In this way, the apparatus, pr0duces a 15 
response which is a signal impulse or train oï 
impulses uniquely reflecting the properties of 
the impulses or trains oï impulses arriving over 
the signal channels. 
Accordingly, it is a principal object of the in- 2O 
vention fo provide a new and improved impulse 
responsive circuit. 
Another object of the invention is to provide 
a new and improved circuit responsive fo signal 
impulse groups made up of impulses concur- '25 
rently arriving over a plurality of signal chan- 
nels. 
Yet anoher object of the invention is fo pro- 
vide a new and improved circuit for producing 
unique output signals or impulse trains in re- 
sponse to energizing impulse groups. 
Stfil another object of the invention is fo pro- 
vide an impulse responsive circuit delivering 
timed output impulses or trains of impulses. 
A further object of the invention.is fo pro- 35 
vide a new and improved like-unlike response 
circuit for comparing signal impulses or trains 
oï impulses. 
Yet a further object of the.invention is fo 
provide a new and improved circuit ïor invert- 40 
ing impulse- trains. 
Another object oï the invention is fo provide 
,n impulse responsive circuit-having high re- 
liability and accuracy oï response. 
Yet another object of the invention is fo pro- 45 
vide an impuIse responsive circuit per,,mltting 
arbitrary supprezsion of ifs output  signals. 
The foregoing and other objects oZ. the inven- 
tion wi]! become more apparent as the £ollowing 
detailed description of the invention is read in 50 
conjunction with the drawiags in which: 
Figure 1 illustrates schematically a two-stage 
impulse responsive circuit embodying the inven- 
tion, 
" Figure 2 is a timing diagram illustrating the 55 
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signals round at,selected locations in the circuit 
shown in Figure !, 
Figure 3 illustrates schematically a modified 
twostage impu!se responsive c!euit .embg.,dy!ng 
the invention, and 
Figure 4 illustra.tes schemaicalIy another tw0: 
stage impulse responsive circuit ddaptëd t0 re 
ceive negative ira_puises. 
In the annexe d drawings like parçs..are.-identi 
fied by Iike efererce ,characters adl lues,,o_f 
potential are given for purposes .o£,il_.ustration 
only and n0t in order fo limit-the s.cope Of 
invention. 
For convenient reference, a!l.. s!pP!y buses .are 
identified with a number corresPonding With 
their voltage, even numbers being-empl0yed four 
positive voltges, and odd nbes ï0r/fibgatie 
voltages. 
leferring to Figure 1, numeral  de_signates 
an impuise .receiving termin.al. Terminaiïï, may 
receive impulse trains having a, Dredetermined 
repetition rate. which are,i Characte.,rize d .Jy t.h,e 
preÇence or absence of a positive-going, impu!s,e 
in given impulse positions. IAkewise, an. imr pulse receiving terminal 2 maY eceive an ira- 
pulse, train of the same-repetition-rae'..,also 
characterizcd by the absence, or prese.nce_ 0f a 
positive-going impulse in, given imPuse., posi, 
tions. Although differ, ent, impu!se train s m.y. b 
receiv.ed bF the terminls  .andré2, respeetiely, 
corresponding impu!ses should appear si,mu!t.ar 
neously and have equal durations. 
imPulse, receiving, termi.na! i I is -r.e.urned fo 
ground potential tlrop.g a epÇç!çO r I. and 
linked to the irmer eontrol eleetrode 14 oe a 
buffing valve 15 thpugh a!..in, dUc,f.C.r, 16: T!e 
elec£r0de |, is negatively biasçd by ifs, 
t0. negative bus 2 ï iy a grd. resi..stor  . ..... The 
norma!!y n0ncoDduçti.ng b.uffer, v.Ç!Ve 5, is of 
copventi0nal type.. Cp._m_e_rç_ia!F 
OEhe buffipg ya.lve  bas its a..u.xilia.ry. 
electrode $ returned rb ground through, a r.e- 
trode, 2 diçeet!y Iiked fo 
whiIe, itsscre,e.n eleetod. 2. .i l..nkç._d tp pp.stive 
bus  and returned to ground through a byPass 
 is returned fo P0si,tiye bUS 99.t,,.roug. an 
anode resisçor . 
OEhe circllit wh!ch, cç,nn_eçs t 0 ipuIsç, rçceivr 
ing terre'm.,al. 2.is.si,.m,i.l.a,r. to the circui.t con.neçt- 
ing fo. impulse ece,iving, te, ç,,mDa !  . A,. bypss 
capcitor. $ is bri_dged, 
and ground, while an in;!,ucto  links, terminal 
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valve 35. The buflïng valve 35 which is normally 
nonconducting has ifs inner control electrode 
returned to negative bus 2 through a grid re- 
sistor 87. The auxiliary control electrode 38 of 
buflïng valve 35 is returned fo ground potential 
through the resistor 9; the cathode 42 and 
suppressor electrode 3 are directly linked fo 
ground potential; and the screen electrode 44 is 
joined to positive bus 70 and returned fo ground 
potential through a bypass capacitor 45. The 
anode 6 of buïug valve 35 is joined fo the anode 
26 of buffg valve |5. 
A conventional type gating valve 50 which is 
normally nonconducting bas ifs inner control 
electrode 5! joined te the impulse receiving ter- 
minal IL its auxiliary control electrode 
linked to the impulse receiving terminal 2, and 
ifs cathode 53 and suppressor electrode 5 re- 
turned to ground potential. The screen electrode 
55 of gating valve 5{} is connected fo positive bus 
7{} and returned to ground through a bypass 
capacitor 56 while the anode '57 is returned fo 
positive bus 8 through the anode resistor 
and further joined by means of a coupling ca- 
pacitor 58 fo the auxiliary control electrodes 
and 88, respectively, of the buffing valves 
and 35. 
A positive impu]se passing from impulse 
ceiving terminal ! I fo the inner control electrode 
! of the bUfflng valve 15 is delayed by ihe net- 
work comprising capacitor 13 and inductor 
When received the current surge resulting 
through the anode circuit of buffer valve 
develops a negative-going signal on its anode 
26. This signal is delivered te the output line 
28. With the removal of a positive signal im- 
pu]se from the inner control electrode I, the 
buffmg valve 5 resumes its normal nonconduc- 
tire state. 
In a like manner, a positive impulse arriving 
from the impulse receiving terminal 12 is de- 
livered fo the inner control electrode 3 of the 
buffmg valve 35 after a delay imposed by the 
network comprising capacitor 33 and inductor 
36. The resulting conduction of the buIIing valve 
35 gives fise to a negative-going voltage upon 
the anode 6. This voltage signal is delivered fo 
the output line 28. With the removal of the 
positive signal from the control electrode 
the buffmg valve 35 resumes ifs normal noncon- 
ductive state. 
A positive-going signal upon the impulse re- 
ceiving terminal 11 is also immediately delivered 
fo the inner control electrode 61 of the normally 
nonconducting gate valve 58; while a positive 
impu]se upon the impulse-receiving terminal 
is immediately delivered to the auxiliary control 
electrode 52 of this valve. The gating valve 
58 remains nonconductive except when positive- 
going impu]ses are concurrently" delivered from 
terminals 11 and 12. In this case, the gating 
valve ,58 becomes conductive. The current surge 
resulting through the anode resistor 6 produces 
a negative voltge excursion upon the anode 67. 
This negative-going impu]se is passed through 
the coupling capacitor 58 fo the auxiliary con- 
trol electrodes 18 and 88 respectively, of buflïng 
valves 16 and 86. The valves 15 and 36 are pre- 
vented from becoming conductive by the nega- 
tire signal upon their auxiliary control elec- 
trodes 18 and 38 even though positive signais 
pear upon their inner control electrodes ! and 
3 respectively. It is noted that the negative sig- 
nal delivered to the auxiliary control electrodes 
18 and 88 of buffing valves I§ and 3 rrives 
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belote positive signais are delivered to the inner 
control electrodes ! and 3. This assures non- 
conductivity of the buflïng valves  and 3. To 
further insure nonconductivity of the valves 
 and 8, the anode resistor 59 may bave a high 
sistance which in combination with the series 
pacitance of the gating valve 60 forms a network 
having a relatively long rime constant. Thus, 
when the positive signais are removed from the 
l0 control electrodes 5 ! and 52 of the gating valve 
the current flow through the anode resistor 69 de- 
cays slowly fo prolong the duration of the nega- 
tire signal upon the auxiliary control electrodes 
!8 and 38 of bufflng valves 15 and 
1 The output line 28 connects through a coupling 
capacitor 62 with the control electrode 63 of 
normally conducting signal input valve 6; the 
control electrode 63 is returned fo ground poten- 
tial by mens of a grid resistor 5. The signal 
O input valve 6 bas its cathode 66 joined to ground 
and its anode S7 returned fo positive bus 
through an anode resistor 68. 
A signal timing valve 9 is normally conduc-. 
ing. It bas its cathode 7 ]inked to ground 
 while its anode 72 is connected to a signal output 
line 73 through a coupling capacitor $ and 
joined fo anode 67 of signal input valve $4. The 
control electrode 74 of the signal timing valve 
89 is returned to ground through a grid resistor 
0  and is also joined fo the signal output ter- 
minal of a clock pulse generator 76 through 
series connected inductor 77 and resistor 8. A 
capacitor 79 connects fo ground from the junc- 
tion of inductor 77 and resistor 78. 
35 Signais appearing upon the signal output line 
28 are delivered fo the control electrode 63 of 
the signal input valve 6. Delivery of a nega- 
rive impulse fo the control electrode ê3 renders 
the valve 64 nonconductive. However, the po- 
4o tential upon the anode 67 of valve 6 is not 
ïected by ifs nonconductivity, as long as the 
signal timing wlve 69 remains conductive. This 
is because current continues fo flow through 
anode resistor 68 which is common fo valves 
4 and 69. When valve 69 is also rendered non- 
45 conductive by the delivery of a negative-going 
impulse fo its control electrode 7 a positive- 
going impulse is delivered fo the signal output 
line 13. This is because the current ,qow 
through anode resistor 68 is diminished and the 
 voltage drop across it lowered by the concurrent 
nonconductivity of valves 64 and 69. When the 
signal timing valve 69 is nonconductive, the con- 
ductivity of the signal input valve 64 acts fo 
prevent the delivery of positive-going signa!s 
55 to the signal output line 
The clock pulse generator 76 generates neg- 
ative pulses ata repetition rate which is equal 
to the repetition rte of the signal arriving at 
impulse recelving terminals  and 2. The 
6o combination of capacitor 79 and inductor 77 acts 
to delay the arrival of a negative impulse from 
the clock pulse generator 7 fo the control elec- 
trode 7 of the signal timing valve 9. The 
delay imposed is suIIicient fo allow a negative 
5 imputse fo arrive flrst upon the control electrode 
3 of the signal input valve 64 (if such signal 
is delivered from signal output line 28). Under 
such cJxcumstances, the signal input valve 6 
is extinguished flrst, and the signal timing valve 
70 O is made nonconductive thereafter with the 
arrival of the negative clock pulse. In this 
manner, the clock pu]ses rime the delivery of 
positive signais to line 7 which results upon 
the concurrent nonconductivity of valves 64 
75 and 



- Signals-upon  the, anode. 5« of: the gating, valve, 
50-are also--delivered. ,fo, the  auxiliïy, contml; 
electrode 8f of a signal jnpuçwlve ST thr.o.agh' 
the . coupling capcitor- ::8 . ".lv:: S2. ha .is 
cthode  83-andsuppeso ec.trode ,joined: 
to ground .and its- scree: elèctrodê 85.'lied .fO. 
positiVeb'-O and, ccnnected tO,grgund: thmugh 
a- coupling, capacitor 8 ,' 'The aode'.   of sigaa!, 
input , vat.ve :- is retu,rned .to' positive, bus 
throgh,an anode.resistor. 3:.and joied to. 
signa-1 outpufdine 9 through a_coupling:.cpaci 
tor,$L 
" A; signal.pu.vatve 82 is normalIF, conducting 
and i associatd' With. a ,norma!ly, ,ccTduting 
signal tng valve ]5. 
The sal timg valve: 9 .has. its cathsde  
joeto ' ground:and :its:ançdë S7 1Ledto,the 
anod ïse. of. the-, signal input vMve, ] 
control elctrod ] of. he-signal" timing:.vaive 
 is  also connected îo hasignal outpuç terminal 
of the; clock.:pu]se, generatoç '. thraugh an in- 
ductor 9 conected in series with.the':resor 
]..çhecontr.ol',electrode  of valve_95is also 
etu.rned to  ground: .thro.ugh a rid:. resistoç.'   
A capscitor:' t" is connected in: partlet, with 
the capaitorï 9: 
e operatio of vales: ] and, 95. is, simflar 
te the,.operation.ofi va!vos  and. 69 jst de- 
scribed, . &,negative:signa:l deliverCd to the aux- 
iliarY control, eleciod S.f..off çhe: signah inpu 
va, lve 82 from:'the: ano.de,5, of gin-, vatve:5 
makes valve'2,nonconductive.. A negaive: sig- 
nal received:thereafter by the control electrode 
 of the signal timflag valve 95 makes, valve- 
 nonconductive. ]th,both-valves  and:9 
noncouctive aï poitivegoing: imputse, is dc- 
livered to thm sigaat.outpu line 
e:signao.utp.u..dine8  conïected: to the 
input  of a,delaFï:le. 5 havin an.input, re- 
sistor 'f $, connected ..t0 'groumd. The, delaF- le 
 may comprise two series iuductors.  con- 
nected:; between: the, line .9 and a -line  9; ca- 
paciors :cnecting from-the- ends- of the 
inductors.fg]".to: ground: potentiai: OEhe delay 
iinei  O: imposes a ,detaF, on sals pasaing from 
line 88: to i 9 'which. la approximately one 
plseçperiod :t. the: cl0ck puise, repeition rate. 
. e, portion of: the impulse responsive- circuit- 
descAbed: thusfar may-be considered one,sage 
of a-twostage.network. The second stage is in 
many:resDects similar to the first stage. There- 
fore; in ,consideration-' of this-portion of. the 
paratus the description, of: the first.stage, should 
be-,kep.t;inmind; Thesignal output line-S; con- 
nec£hrough a delay,network  t  to the-inner 
cotrol electrodW.ff of,'a signal bun valve 
f f :' Valve  f f  is :normMlynonconducting. The 
signal o,utpuk line :] also _connects,directly: fo: the 
inne c, ontrol-electrodeç fl of a normslly non 
conductingating valvef 59, .The line. [O:c.on- 
nects'..through a delay network f  ë:to' tha inner 
control electrode, f ]: of a :normallF nonconduct- 
ing. bng: valve_ f $ .. ne f 9  is : aisou r.ectly, 
connected fo the auxiliary controt electr:ode.t2 
ofthe gating, valve.,f];. The anodes f and 
respectively ofçbung,valves f- and  . 
tned.to the.plus 90'bus through, an anode. 
sistor:  ]and connec to , signal output.line,  
The: aode,, f  of the, gating:,valve  0' returas',to 
the positive bus 9O=.through an,anode: resistoi-  
and connects.by meaas .of a. coupling capa'citor. 
f  fo the auxiliary controt, ele¢trodes. I f 8:,.. and 
ri8, respective!y of  the bung valves- f5,, and 
t ]   anode ,. f , also., connects,-.to- the inner, con- 
trgl elecrode, 80.of:the-signal input valve 

A positive impulse uponLthe signal-outpuç:line 
73- makesïthe" buffing'.valve  ! i5: conductive- af ter 
a: given :delay, toçpr0.duce:a negative signal upon 
the output':line [20.:. Likewise; . positive-going 
5. impulse_upon the signal:eeoutpu line f9. renders 
signal«bng valve:[:conductiveafter a given 
period, also. producing. - negative-going signal 
upon the outpuk'ne f 28: en positive-going 
impulses are. concurrentl: present- upon the: sig- 
10. nl.outputlines.?.::and .f09; the:gatîng valve 
becomes: oenduc£ive;, and: produces a negative- 
going, sil:.upon ifs ode 15]. is signal is 
delivered to :the aitiary: control, electrodes- 
and $, zespectiely,:of valves 15 and 13:and 
5 prevents: their, conduc£ivity. Thenegtive-going 
impnlse_on:theanodë: f ? of:the, gating valve 
is.alse-divezed"to theier control electrode 
ofï the. signal input:valve -:: making- this valve 
nonconductive.. Thus, a: negative-going signal 
2e upon.:the: inner control electrode 89 makeS the 
signalz inpuç valve 2: nonconductive as does 
negtive..signal npon.the auxiliar control eec- 
tf.ode 81 .: :before;:e:appearance of anegative 
clock pulse', on: £hs elec.trode 98 of - the signal 
25 timing .valve:9 produces.a positive-going signal 
upon..the line: 
e signal output line,: f 8 isconnected.through 
a coupling:.cpitor f 2 'to the control electrode 
f of a signal input valve I,$; the control elec- 
SG trode, f$: is returned.to, ground rough a grid 
resisr.:f_ Thesignal.input valve 14 which is 
normall conductive ,bas ifscathode  6 returned 
to grand, and ifs= anode I  joined  positive 
busg through ananoderesistor $. The anode 
3a  61. of. valve:.l  is.:further coected to  signal 
output2ine I 
AnormallF conductin:sinal timin valve , 
associadit .he. sinalfinput valve  , bas its 
ano.de ï lied.:anode.$ of valve  and 
40, i. cathode    .r.oued. he control electrode 
 ï4 of thesinal timingvalve  S. is returned to 
round £hrouh a. ridresistor  5 and connected 
with the signal ouçput rminal of the clock pse 
generar 6: through an inductor / T connected 
45 . in, series with, a. resisr I$ The, jmction of 
coductor ]. and resistor 18.is returned to 
grod ,througM a,, capacitor 19.. The control 
electrode l4 of valve 169is.also joined to the 
cathode,of a crystal .diode ]8. The anode of 
50 cstal dicdeçl, is:retuîned to a negative bus 
through a leading resistor 2.. linked to a.sup- 
press2" signal terminal 
. .Negative signa«from the line 12 aïe delivered 
to:.the control: electrode, ] 65 of the normMly con- 
55  ducting signal input, valve ]64 to.make this valve 
noncnducting. Anegativeclock pulse thereafter 
received by the control electrode 
drives .valve ]$ .fo cut off, and produces a positive 
outpufimpnlse oveline . 
oo '.eoeystal_diode:$Lis normalty nonco]duct- 
ioE:.i_anode being/matained at a potntiat 
morenegative than:the potential upon its cath- 
ode:, ith.. positiv signl:npon the signal ' ter- 
minal; -$; crystaI ode  I$ ], becomes couducç.ive 
cE5 fo delive a positive potential to the control e]cc 
frode. ] "of the signal timing, valve I 9 in this 
mater, negati.ve clock, pulses arriving from the 
generar,-6aresuppressed. The signal timing 
valve»]9 remains-conducting. Under such cir- 
7O cumstances-even., though a negative-going im- 
pulse detivered.to the-contol electrode G3 of the 
si2aP inPut valve. ].64. causes nonconductivity, 
the .signal output line. ] . $.wiH hot. be driven- posi - 
rive. 
75 : The sigal 0utptdine ] ] is alsojoined. the 
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control electrode 18{} of inverter valve 
ttn'ough a coupling capacitor {}{}; the control 
electrode {}{} is negatively biased by ifs return 
to the negative bus 2! through a grid resister 
89. The signal inverting valve 87 is normally 
nonconducting; if has ifs cathode 19} grounded 
and ifs anode 9! returned to positive bus 
through an anode resistor ! 92. The anode  9 ! is 
also linked te a signal output line 
Positive-going impulses from signal output line 
73 are delivered fo the signal inverter valve 
producing a current surge in ifs anode circuit. 
This develops a negative signal impulse which 
delivered fo the signal output line 93. 
Consideration is now had of the overall opera- 
tion of the impulse responsive circuit shown in 
Figure 1. Upon the arrival of a positive impulse 
on the impu2se-receiving terminal l, when no 
impulse is received by the impulse-receiving ter- 
minal 2, buffing valve 5 is made conductive 
producing a negative-going signal upon the out- 
put line 28. This negative signal from the output 
line 2{} is delivered fo the control electrode {}3 of 
the input valve {}4 making if nonconductive. The 
arrival of a negative clock pulse upon the con- 
trol electrode 74 of the signal timing valve {}9 
makes if nonconductive also developing a timed 
positive-going signal upon the signal output line 
73. 
In the absence of a signal on the output line 
{}9, delivery of a negative impu]se fo the inner 
control electrode 4 of the buffing valve 
from the signal output line 73 produces a nega- 
tive-going signal upon the line 28. This nega- 
rive signal is delivered fo the control electrode 
{}3 of signal input valve {}4 making if noncon- 
ductive. A positive-going impulse is delivered fo 
the output line 173 when the signal timing valve 
! {}9 becomes nonconductive in response to a nega- 
rive clock puise upon its control electrode 
The signal inverting valve 87 produces a nega- 
rive output signal from the positive signal de- 
veloped on the output line 
In the absence of a positive impulse upon the 
terminal ! , the arrival of a positive impulse upon 
the impulse-receiving terminal 2, in a similar 
manner, resu2ts in the conduction of the buffing 
valve 35 fo produce a negative-going signal upon 
the output line 28 which is received by valve {}4. 
As belote, with the input valve {}4 ruade non-con- 
ducting, the cutoff of timing valve {}9 develops a 
positive signal which is delivered to the signal 
buffing valve !5. Valve 1!5 becomes conductive 
delivering a negative signal fo the input valve 
{}4. Valve {}4 is now cut off to develop a posi- 
tive output signal on the line 73 when signal 
timing valve 1{}9 is cut off. 
If a positive impulse is delivered to the impulse 
receiving terminal ! ! af the same time a positive 
impulse is delivered fo the impulse receiving ter- 
minal 2, the gating valve 5{} is ruade conducting 
fo prevent the delivery of a signal fo the output 
line 28. However, a negative impulse is delivered 
to the auxiliary control electrode 8! of the signal 
input valve 82, driving it to cut off. A positive 
timed impulse is developed upon the line 89 un- 
der the cutoff of the signal timing line 95 with 
ifs receipt of a negative clock pulse. The delay 
line 185 receiving the positive impulse over line 
{}9 delivers this signal fo the output line {}9 after 
a delay of about one pulse period. In other words, 
the delay imposed by the line 95 is such that a 
signal is delivered fo the line {}9 at the rime 
when the next following clock pulse arrives upon 
the control electrode 74, 9{} of signal timing valve 
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{}9, 95. This assures the simultaneous arrival of 
signals appearing concurrently upon the signal 
output lines 73 and 
The case has already been considered in which 
5 a signal output appears upon the line 73 in the 
absence of a signal upon the line 109. When a 
signal arrives upon the line {}9 in the absence of 
a signal upon the output line 73, the buffing valve 
35 is marie conductive developing a negative- 
10 going signal upon the line 28. The negative 
signal from line 28 cuts off the signal input valve 
1{}4, so that when the signal tJming valve 
is marie nonconductive by the receipt of a nega- 
tire clocking pulse, a positive-going impulse is 
15 produced upon the output line 
In a case where positive output signals are 
delivered over both lines 73 and 9 af the saine 
rime, the gating valve 5{} is caused to conduct 
preventing the development of a negative-going 
0 signal upon the line 12{} and delivering a nega- 
rive impu2se fo the inner control electrode 8{} of 
the signal input valve 82. The signal input valve 
82 is thereby marie nonconducting. The arrival 
of a clock puise cuts off the timing valve 95. This 
25 develops a positive-going impulse on line 89 which 
is passed through the delay line 0 fo arrive 
upon the line {}9 one pulse period later. If a 
signal also arrives upon the line 73, with the af- 
rival of the impulse upon the line {}9, the cycle 
3O of events just described is repeated. That is, a 
negative signal is delivered fo the signal input 
valve 2 and a timed positive signal is passed 
through the delay line e5 from the line 89 fo 
the line 
35 When the cycle of events just described is to 
be repeated many rimes, a great advantage de- 
ved from the use of signal timing valve 95 is 
that a slight timing error is hot increased with 
each cycle. This is so because the signal arriving 
40 af the signal input valve 82 is retimed for each 
of said cycles. 
It should be noted that negative impulses upon 
both the inner control electrode 88 and the aux- 
iliary control electrode 8! of the signal input 
45 valve {}2 cannot appear af the saine rime. This 
will become clear by considering that if is nec- 
essary that concurrent positive impulses appear 
upon both the impulse-receiving terminals ! ! and 
2 for the delivery of a negative impu]se to the 
50 auxiliary control electrode {}! of the signal input 
valve {}2. In this event, a negative signal is hot 
developed upon the output line 28 resulting in 
the absence of a positive signal upon the line 
I-towever, if a negative impulse is tobe delivered 
55 fo the inner control electrode 88 of the signal 
input valve 82, a positive signal upon the line 
ï3 is required as well as a concurrent signal upon 
the output line 89. Thus, when a negative sig- 
nal is delivered fo the auxiliary control electrode 
6O 3 , the delivery of a negative impulse fo the inner 
control electrode 8{} of valve {}2 is hot possible. 
Referring now to Figure 2, together with the 
circuit shown in Figure 1, a clock pulse is gen- 
erated upon the in2tiation of each pulse position. 
65 A positive impulse arriving at terminal , af 
impulse position 1, is delivered fo the input of 
buffing valve 15 after a given delay. Because a 
positive impulse does not appear upon the termi- 
nal 2, during irnpulse position 1, a positive sig- 
7O nalis delivered fo the output line 7. This signal 
is timed by the arrival of a delayed clock pulse 
af the input of the timing valve {}9. 
After being delayed, the signal upon line 3 
arrives upon the input of the buffing valve ! 
75 With the absence of an input signal fo the buifing 
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valve,:! 35betveen,pulsepositi0nsl and 2, a.Dosi- 
rive signal. OEs delivered ov, e ,.the output line ! 73, 
being!timedby.the :arrival ,of,  properly, delayed 
input clocksignal ai =the:timing valve '!69., 
The arrival of impulses on both terminals:! 
and !2 ai impulse position, 2 produces an output 
impulse from. gating vle: 50!«vhictl: prevents ;the 
delivil of -a signal. to :lïne  3. : 
ttowever, an.-impulse ,is _produced npon the 
line 89 after being ,timed. by:.the, arriv.al of. a l0 
properly delayed clock ulse. t. the inPut -of 
timing-valve 5, The impuls_e.signal upon line 
 is delivered to the input:0f the buffing yalve 
f 3 after a -delay .0f appromately one pulse 
period. 15 
The arrival of a positive impulse:tpon:the ter- 
minal f2, at impulseposition . ,resultsin:t ho de- 
livery, of a positive impulse to the line 73. In 
this-instance, the reeeipt of nput ignals by the 
gating valve, .Opon both-i.ts:input electrodes. 20 
produces  an. -outpt, signal preventing ,he.. de- 
tivery of :an -impulse, to ,the line.,!73 while de- 
tivering a signal fo line 
A positive impulse :arrives upn terminal, f2 
ai impu_lse position 4, effecting, delivery, of a posi- 5 
rive signal upon line, ,73. An outpu_t .signal is 
developed by the gating valve  6» during pulse 
position 4. This ïesultsfrom the delivery,at this 
rime of.signais upon-:both input electrodes of 
valve ! . 0neelectrode: of .valve !.5: receives 30 
the signal on line ]3 -vhile .the. other- electrode 
receives the signal appearing.pre.iously (during 
puise position 3) .upn tine 9. This eutpt sig- 
nal of :gating alve  9:preventsa signal output 
upon-line-!73 ,during:impulse position 4, and 
effects delivezy of ,an. impulsesignal-:to line-89. 
Af ïmpulse position 5, .the arival.of,.a positive 
impulseupon.tle ,terminal ,! f. also. delivers a posi- 
tive-impulse fo, the:lines .3.. An output - signal is 
again delivered in.pulse position-5 by gating valve 40 
f because of .the receipt of signals upon :both 
its.input elec.trodes.- This results in.-no signal 
puise being received by the,output line ..!73 in 
pulse position 5 while the,:signalAs delivered fo 
line 89.. 45 
An impulse doesnet arrive upon ither-termi- 
nal  ! or. !  during pulse »position 6. However, 
in pulse position 6, a signal is delivered .fo ,the 
input of buffing valve, 13... This,signal is derived, 
aïter.being,.suitably delaYed,b, delay,.line 0, 50 
from the signal appearing ,up,0n line .9 .during 
pulse position 5. The output signal, from,buffing 
valve  35. is timed .by valve  69. vhich .preduces 
in puise position. 6, ,an output Signal upon .line 
173.. 55 
In pulse position 7, .the absence .of..impulses 
upon the terminals ,If nd f2 is,accompanied 
by the absence, of an outPut.impulse, upon«the 
line 173.. 
The presence of imPulses.ulon bth terminals 0 
f [ and f  in ,puise psitin, 8 .resnlts in th de- 
livery of a positive, impulseto £he line 89.., No 
signal impulse_is, delvered- to the' line. f  3 in this 
pulse position.. The presence..0f signal impulses 
upon the terminals If and. i,2Anpulse,position 9 
likewise proluces a signal apon ,line, 89.: H0w- 
ever, an .impulse is, deliVered .Upon ,the .line .f 
This _is because, an inpu, signal is received by 
he atng valve J 3 derived,,from line .8, after 
a pulse .perod delay,, 
In pule _position .lO»the .arrival of,a signal 
upon terminal f2 results in delivery of a signal 
tothe line _"/3.. In. this cae an outPUt, signal 
is delivered .bF thé. ga.tng .valv.e 55. beca!se..of 
the receipt of..sgnals :'from: lIll _73...as wen as 75 
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from line. 89. The .ouçput signal .from lgating 
valve 1:50::prevents:the delivery of:a signal:to the 
line !73 and efecs:the.delivery, of a signal fo 
line 89. 
Thepresence of-animpulse upon,terminal !! 
in pulse position.ll results in .a .signal :being 
delivered .o lin.e ,.]3.. An .output signal is de- 
iiered ,b:. gating :valye ..! 50 _because as in the 
previous case, input signals are «derived from 
lines 89 and ]3. 
In puise position ,12, no,,signals.:are received by 
the-te'min!s  I )and. !2 .. However, ,an .input sig- 
nal .is delivered to: the buffing .valve_  35, from line 
r9., after being subject..to ,a-onepulse position 
delay. The.output_ signal ïrom the buffing valve 
135 in the presence:of_a clockpulse input o the 
timing valye ! 89(produces, an. impulse: signal.upon 
th :line  73. , I-Iowever, in this instance, the clock 
ipput signal to.thetimin valve f69ïs suppressed, 
thus :preventing deliverF of ,an .imPulse signal 
to line f73. AS ,previous!y noted, the presence 
of a positive.signal upn theferminal f3, (Fig- 
ure -1) acts to Suppress..the delivery oï-c!ock sig- 
nals to the .signal timing alve, :! .  
Puise positions :1.3and14 cle, arly illustrae that 
the.arrival .of::positie impulse upon both :termi- 
na!s  and-t2 inpuls, e position !3 vith the ab- 
senc, e ,of impulses .arriving at. pulse position, 14 
results:in .the :delivery. of, an Lm_pulse :fo line  73 
in :pulse position 14.,. 
-FTom, t, he.above dScription it may be observed 
tlmt £he -outplt .signals , delivered _upon -the .line 
,«  3 a:e determined :by the sequence, or serles of 
imputses delivered upon-,the terminals ! I  and  2 
V/ith given combinations,,of mpulses upon ter- 
minals, f f and .-! 2, -corresponding .responses are 
obtained  comprising ..unilue .impulse, combina- 
tions ,in. rime ordered patterns. The :impulse re- 
sponsive apparat.us here described., may . be 
adaped for various uses,:by those .skilled in the 
art. 
If may alse benotedthat, the circuit shown 
in -Figure. 1 may be nsed fo add.binary, numbers. 
For example, each impulse ariving up0n th,e 
terminals ' and. 2 may be.considered .to repre- 
sent.the.numeral: 1 (one) whfle the absence-.of 
an impulse .in.a pulse posi.tion can be .used ..fo 
represent the :humerai..0 zero) For .this ex- 
ample, consider:pulse positions .1 throngh :7 (Fig- 
ure 2).. The least, significa-nt figure, appears in 
puise position .1. Thus.the.signal impulse train 
arriv_ing uPon .terminal.  !. represents the .binary 
number 0010(111 . The.signal,input.train corre- 
pondingly arriving af :terminal _2 represents the 
binary number 0001110. The output response 
train arriving, upon. line  17: for .the :said. first 
seen pulse,positions,_,he ]east sig'nificant figure 
being repEesented in pulse pos£tion 1, corresponds 
tothebinary number 0100001. Thus,.it is evident 
that signal trains upon terminals ff, and-2 
rep:esenting.obinary .numbers .cause the appa- 
ratus .to',pro'duce-an output signal train repre- 
senting their, binary ,sure. 
Consideration is now had of, some modes of 
individually utilizing..the first stage portion of 
the impulse resPonsive circuit shown .in Figure 1 
comprising lJuffing,välve .! ;bufiïng valve , gat- 
ing .valve çO;:signal input:;valve.:6,.:signal tim- 
ing valve » signalLrp.ut .valve. 2-, (only one in- 
put electrode ..needed now)., and signal timing 
valve 9. 
ït:is  apparent, that this  circ,uit :pro_qdes a 
device,wth:tw0-signal outpu»!ine, namety, line 
73 and :line 8,', If a positive,-im]!lse:i_s:.reeeive_d 
,upon either of the. terminals !  or. -2, but pot 
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both, then a signal impulse is delivered over the 
line 73. If positive impulses are received by 
terminals || and |2 at the same rime, then an 
output signal is delivered over the line 89. 
This circuit also provides a statically respon- 
sire network when one output lead is directly 
cora]ected to the anodes of butfing valves |5 and 
35, and the other output lead is directly con- 
nected to the anode of gating valve 58. In this 
case, the duration of output signals corresponds 
to the duration of input signals. 
The circuit now under consideration may be 
utilized for comparing input impulses. For ex- 
ample, like-unlike comparison of signal trains 
concurrently arriving upon terminals || and |2 
respectively provides the following results. If 
comparison of these arriving is identical, no out- 
put is delivered on the line 13 while signals are 
delivered to line 89. When the signals are pre- 
sented fo either line || or |2 and none arrives 
upon the other, the circuit produces an unlike 
ïesponse by delivering a signal to the line 73, 
while no signal is delivered to line 89. This com- 
parison circuit may be utilized to somld an alarm 
or shut down equipment when an unlike response 
by the circuit indicates malfunctioning of equip- 
ment delivering signals to this circuit. 
Another mode of operation and utilization oï 
the first stage portion of the circuit shown in 
Figure 1 is to invert signal impulses presented 
to one of the input terminals | |, [ 2. For example, 
if signal impulses delivered to terminal [| are 
fo be inverted and delivered over output line 13, 
an impulse signal train characterized by a re- 
petition rate substantially identical with that of 
the signal delivered to terminal [| and having 
an impulse present in each impulse position is 
delivered to terminal |2. It is thus apparent 
that when an impulse is delivered upon termi- 
nal || an impulse will be received by termina] 
|2, and no signal will be delivered to the output 
line 73. ttowever, when an impulse is not de- 
livered to terminal || in a predetermined im- 
pulse position, the impulse which is present upon 
terminal |2, results in an output signal upon 
the line 73. Thus, for each impulse arriving 
upon terminal || no impulse is delivered to line 
 73, while with the absence of an impulse in a 
given pulse position upon terminal | |, an impulse 
is delivered over the output line 73. This effec- 
tively results in inverting a signal train arriv- 
ing on the terminal | , that is, presenting an im- 
pulse where one was originally absent and re- 
moving an impulse where one was originally 
present. 
This inverting process is especialIy useful in 
means employed îor binary computation. When 
a signal is so inverted and used in binary com- 
putation itis usually designated as the ones com- 
plement. 
lefering now to Figure 3 which shows a 
modified impulse responsive circuit, an impulse 
receiving terminal 28| is connected to the con- 
trol electrode 282 of a buffmg valve 203. The 
control electrode 2{}2 of the valve 2{}3 is nega- 
tively biased by returning through a grid resistor 
2}4 to a legative bus 2|. The bufling valve 283 
which is normally nonconductive has its cathode 
205 returned to ground potential and its anode 
286 joined to a positive bus 92 through an anode 
resistor 286. 
An impulse receiving terminal 2|| is joined to 
the control electrode 2 |2 of a buffmg valve 2 |3. 
The control electrode 2|2 of butfing valve 2|3 is 
negatively biased by its return to the negative 
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bus 21 through a grid resistor 214. The butfing 
valve 213 which is normally non-conducting has 
its cathode 2|5 returned to ground potential and 
ifs anode 2 |8 linked to the anode 286 of the buffiug 
5 valve 203. 
The imptùse receiving terminal 20| is also 
joined to the inner control electrode 2|9 of a 
signal gating valve 228, auxfliary controlled elec- 
trode 22| of this valve. The signal butfing valve 
10 22{} which is normally non-conductive bas ifs 
suppressor electrode 222 and cathode 223 linked 
to ground potential, ifs screen electrode 224 
joined to a positive bus 70 and by-passed fo 
ground through a capacitor i25, and ifs anode 
15 22 returned to the positive bus 98 through an 
anode resistor 227. 
The anodes 266 ald 2|6, respectively of buffing 
valves 203 and 2 |3, connect with the control elec- 
trode 229 of a signal input valve 238 through a 
20 series connected coupling capacitor 23| and an 
inductor 232. The control electrode end of in- 
ductor 232 is ionnected to ground through a grid 
resistor 233, whfle its other end is joined to 
ground by an input capacitor 234. The signal 
25 input valve 230 which is normally conducting 
bas its cathode 235 grounded and its anode 236 
joined to positive bus 90 by means of an anode 
resistor 231. The anode 235 of valve 230 is also 
linked to the anode 226 of the gating valve 22{} 
30 by means of a coupling capacitor 238. 
A signal timing valve 248 associated with the 
signal input valve 230 bas its control electrode 
2| connected with a clock pulse terminal 242 
through an inductor 243. The control electrode 
35 end of inductor 243 is returned to ground through 
a grid resistor 244 while ifs other end is passed 
to ground through an input capaciter 245. The 
signal timing valve 248 which is normally con- 
ducting bas its cathode 246 linked to ground and 
40 its anode 247 joined to the anode 236 of the signal 
input valve 23{}. Anode 247 of valve 24{} is fur- 
ther coupled to a signal line 250 by means of a 
couplig capacitor 249. 
The impulse receiving terminal 20| may re- 
45 ceive impulse trains having a given repetition 
rate and which are characterized by the presence 
or absence of a positive-going impulse in give; 
impulse positions. Likewise, terminal 2|| may 
receive an impulse train of the saine repetition 
5O rates also characterized by the absence or pres- 
ence of a positive-going impu]se in given im- 
pulse positions. The presence of a positive im- 
pulse upon terminal 20| makes buffmg valve 2{}3 
conductive to produce a negative-going signal in 
5 its anode ciriuit. This negative-going signal is 
delivered to the control electrode 229 of the sig- 
nal input valve 23{} to make it nonconductive. In 
a similar manner, a positive-going signal upon the 
terminal 21 | rentiers butfing valve 2 | 3 conductive 
60 to develop a negative-going signal in this anode 
circuit. This negative signal likewise drives the 
signal input valve 23{} to cutoff. When the sig- 
nal receiving valve 23{} is nonconductive due to 
the presence of a positive-going impulse upon one 
6 of the terminals 2{}| or 2| |, cutoff of signal tim- 
ing valve 240 causes delivery of a positive-going 
signal to the output line 25{}. The signal timing 
valve 248 is eut off by each negative clock pu]se 
that arrives from terminal 242. The clock pulse 
70 repetition rates is the same as the repetition rate 
of the signal trains delivered to terminals 28| 
and 2 | |. 
When positive impulses are received by ter- 
minal 2{} | and 2 | | at the same rime, the positive 
7 swing of electrodes 2|9 and 22| rentiers the signal 
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gating valve 220 conductive. Uponconduction, 
a .negative signal is developed upon kthe., anode 
226 of .valve 220. This negative signal is de- 
livered to the anodes 230 and 24], respectivèly, 
of valves 230 and 240, to.prevent £heir positive 
excursion, thereby inhibiting the delivery of a 
positive-going signal to the line-260. This.sup- 
pression of an output signal on line26Ois assured 
by the inductor 232 and capacitor 234 .which 
delay the delivery of the negativegoing impulse 
from the bufiïng valves 203 andr213 to the control 
electrode 223 of the signal input valve 23{}. This 
allows the prior arrival of the suppressing signal. 
Ftn-thermore, the suPpressing signal delivered by 
the gating valve 220 may be prolonged so that it 
remains present until ,after the negative signal 
bas been removed from the control electrode 229 
of input valve 230. This prolonged signal may 
easfly be obtained as follows: Make the resist- 
ance of the anode resistor 222 suiïiciently high 
so that its combination in series with the capaci- 
tance of the gating valve 220 -forms a network 
having a relatively long rime constant. 
The clock pulses on terminal 242 are delayed 
by the combination of inductor 243. and .capacitor 
24 belote reaching the input electrode 24| of 
timing valve 0. The clock pulse is delivered 
to the input of valve 24 after the. input signal 
is received by valve 230 in order to rime the sig- 
nal output to line 260. 
The anode 22 of the signal gating valve 
is also coupled to the auxfliary control electrode 
23 of a signal input valve 26 by means of a 
coupling capacitor 26. The electrode 263 ,is 
also returned to ground through a grid resiitor 
262. ihe input valve 264 which is normally con- 
ducting bas its suppressor electrode 260 .and 
cathode 252 directly linked to ground, its screen 
electrode 258 joined to positive bus .]0 and.re- 
-turned to ground through by-pass capacitor 260, 
and its anode 20 returned to positive bus 0 
by means of an anode resistor 2'6 . 
A normally conducting signal timing valve 262 
is associated with the signal input valve 264. 
The control electrode 26 of the signal input 
valve 22 receives negative clock pulses fromthe 
terminal 242 through a delay network compris- 
ing an inducior 204 and an input.capacitor 
The said control electrode 203 also is'returned 
to ground by means of a grid resistor,266. The 
cathode 202 of valve 202 is grounded While çhe 
anode 200 is linked to anode 260-of valve 264 
and joined to a signal line 260 through a cou- 
pling capacitor 2 
A negative-going impulse developed in the 
anode circuit of gating valve 220 is also delivered 
to the ,auxiliary control electrode 263 of signal 
input valve 264 to make it nonconductive. 
Shortly thereafter, the signal timing valve-262 
receives a negative clock pulse cutting it off. This 
results in the delivery of a positive-going signal 
fo the line 
The signal line 29 is connected to the iput of 
the delay line 2]|. Delay line 22! comprisesse- 
ries inductors 212, an input resistor 213 bridging 
the input end to ground, an output resister 226 
bridging the output end te ground, and dèlay ca- 
pacitors each connecting an inductor .end to 
ground. The output of delay line 2]! connects 
to the signal line ] through a coupling capac- 
itor 
The delay line-22! passes signals appea-ring on 
line 20 to line.2]6 andimposes a delay.of ap- 
proximately one pulse-period- at said -giron repe- 
tition rates.- 

Thus, if a positive:impulse::.an'ives:at_he,ter- 
.mina1:20 , a positive, imptflse/wflt be,deliv, ered to 
the line 260. ILa positive impnlse:arriv, es.upon 
the terminal 2, ..a positive impulse:.also is de- 
6 livered to the line 260. If, however,.:positive-im- 
pulses appear on the terminals20! /and 2/! at 
the same rime, .an impulse will hot be delivered 
to ihe line 260. ttoever,,a positiveïmpulse wfll 
be delivered o the line 210, one pulse period 
10 later. 
The portion of the impulse responsive'circuit 
described thus far .may be considered-one stage 
of a two-stage network. The second:stage:is in 
many respects simflar to the first.stage..The sig- 
15 nal.line 260 il joined tothe contr.ol, èlectrode302 
and .the buffing valve 303 and :to the inner .con- 
trol electrode 30 of. a .signal .gating valve 
The signal line-210 is joined to the:control:elec- 
trode 32 of, a buffing valve 33 and to theauxil- 
0 ,iary control electrode 32! of .the signal gating 
valve 320. The anodes of bufling valves303and 
3 3 are returned to the positive bus:00 ,through 
an anode resistor 30] and are linked:to-the con- 
trol electrode ofa signal inputvalve 30through 
 a delay network 332. 
The signal gating valvë 320 has its anode 320 
returned to positive 'bus 00 ,through :an anode 
resistor 32] and linked with the anode of 
signal input valve 330 through a coupling, ca- 
0 pacitor 330. Anode 326.Of_the signàl:gating.valve 
32 is also linked to theinner control electrode 
363 of the signal input valve264 by.means of a 
coupling capacitor 366. The control electrode 
363 is returned to ground through a grid resistor 
35 352. 
A signal timing valve 340 associated /ith :the 
signal input valve 330 receives .negative-clock 
Pulses upon its control electrode from the .termi- 
.nal 242 through .a delay network 343. The 
40 anodes of valves 330 and 340 are rettn'ned .to a 
positive bus 00 through an anode resistor33] and 
are joined to a signal output line 360. 
The operation of valves 303, 33, 32,330 and 
340 are respectively similar to the operation of 
45 valves 203, 213, 220, 230, and 240, previously de- 
scribed. Thus, when a positive-going .impulse 
arrives upon the line 260 a positive impulse is 
delivered to the line 360. When a positiwim- 
pulse arrives upon theline 210, a positive-going 
5O impulse is also delivered to the line 360. When 
positive impulses arrive upon the lines 260 and 
210 ai the same time, a .positive impulse isnot 
delivered to the line 360, however, a positive im- 
pulse is delivered to the inner control electrode 
55 363oî the signal input valve 264. This resuls:in 
a positive impulse upon line 216 after a delay of 
approximately one impulse period. Negative 
impulses cannot be received at the same ,time by 
both control electrodes 33 and 263 of the.signal 
6O input valve 264 for reasonsalready explained,-in 
connection with Figure 1. 
A signal inverting .valve 300 .has ik control 
electrode 30! joined to the signal output.line.360 
by means of a resister 362. The said control 
65 electrode 36! is negatively biased by returning to 
the negative bus 3{}! through a grid resistor 
The cathode 364 of :he,signal inverting valve 
30-is grounded, and ,the anode 30 is rettn-ned 
to-positive bus 00 through an anode resister36 
70 and is also linked to a signal output line 
Thus, the signal inverting valve 360 xvhich is 
normally nonconducting becomes conductive 
upon the appearance of a positive-going impulse 
upon the signal output ]ine36Otodeliver a nega- 
75 rive .impulse upon the output line 
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If ]ike sers Of impulse trains are delivered to 
the respective impulse receiving terminals of the 
impulse responsive circuits shown in Figures 1 
and 3, these circuits will deliver output signals 
having similar rime ordered impulse patterns. 
The first stage portion of the impulse respon- 
sive circuit shown in Figure 3 may be employed 
as previously described for the utilization of the 
first stage portion of the circuit shown in Figure 
1. In this case, the circuit may comprise bufling 
valve 2{}3, bufiïng valve 213, gating valve 22{}, sig- 
nal input valve 23{}, signal timing valve 24{}, sig- 
nal input valve 254, and signal timing valve 2{}2. 
This provides the circuit with two signal output 
lines, namely, lines 25{} and 2T{}. The output re- 
sponse of this circuit to input signals is similar 
to that of the cmTesponding portion of the re- 
sponsive circuit shown in Figure 1. 
The impulse responsive circuit shown in Fig- 
ure 4 is adapted fo receive trains of negative- 
going impulses upon ifs impulse receiving termi- 
nals 49! and 4{}2. This impulse trains which ar- 
rive upon terminals 4{}! and 492 have the same 
repetition rate and are characterized by the 
presence or absence of a negative impulse in 
given puise positions. 
Terminal 4{} ! is connected te ground through a 
grid resistor 4D3 and joined to the inner control 
electrode 494 of signal buffing valve 4{}5. The 
impulse receiving terminal 4{}2 is also returned 
fo ground through a grid resistor 4{}8 and joined 
to the auxiliary electrode 4{}T of the bufling valve 
4{}5. The signal bufling valve 4{}5 which is noï- 
mally conducting has ifs suppressor electrode 49 
linked fo a positive bus T{} and returned fo ground 
through a by-pass capacitor 4 ! . The anode 4 ! 2 
of valve 4{}5 retulms to a positive bus 9{} through 
an anode resistor 43 and is also cormected to 
the control electrode 48 of a signal inverting 
valve 47 by means of a coupling capacitor 44 
through a delay network 4 ! 5. The delay network 
45 comprises an inductor and an input capacitor 
4 bridged fo ground from the input end of said 
inducter. 
The inverting valve 4 !  which is norma]ly non- 
conducting has its control electrode negatively 
biased by returning fo a negative bus 9, and its 
cathode grounded. The anode of inverting valve 
4 connects fo positive bus 9{} through an anode 
resistor 49, and is aiso joined to a signal line 
42 ! by means of a coup]ing capacitor 42{}. 
The arrival of negative impulse upon either one 
of the impulse receiving terminais 4{}! and 4{}2 
renders the signal buffmg valve 45 nonconductive 
to develop a positive voltage excursion upon the 
anode 42. This positive impulse is delivered to 
the control e]ectrode of inverting valve 4 which 
becomes conductive and delivers a negative-going 
impulse fo the signal line 42. The signal input 
termina!s ,{}! and 492 are also connected respec- 
tively fo the control electrodes 429 and 42! of a 
pair of parallel connected gating valves 422 and 
432. The gating valves 422 and 432 which are 
normally conducting bave their cathodes 423, 433, 
grounded and their anodes 424, 434 returned to 
positive bus 9 through an anode resistor 435. 
A normally nonconducting signal inverting 
valve 438 bas ifs control electrode 439 joined to 
the anodes 424, 434 of the gating valves 422 and 
432 by means of a coupling resistor 44{}. The con- 
trol electrode 439 of valve 43{} is negatively biased 
by returning to negative bus 3{}! through a grid 
resistor 44 . 
The cathode of signal inverting valve 438 is 
grounded, while the anode 442 is linked to positive 
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bus 99 through an anode resistor 443 and joined 
to the control electrode 4 T of inverting valve 
4 !  by means of a coupling capacitor 444. 
If negative signal impulses do not arrive upon 
5 both of the terminals 49! .and 42 ai the same 
rime, at least one oî the gating valves 422, 432 
remains conductive..This prevents a positive 
voltage excursion of the anodes 424 and 434 of 
valves 422 and 432. I-Iowever, when negative im- 
10 pulses arrive upon both of the terminals 4{}! and 
4{}2 at the same time, both gating valves 422 ind 
432 are concurrently cut off to produce a positive- 
going voltage excursion upon their anodes 424, 
434. " i 
control electrode 39 of inverting valve 438 pro- 
duces a current surge in the anode circuit of this 
valve. The resulting negative voltage excursion 
upon anode 442 of the signal inverting valve 438 is 
20 delivered to the control electrode 416 of inverting 
valve 4IT. This prevents the positive excursion 
of control electrode 416 due to delivery of a posi- 
tive impulse from the output of the bufling valve 
465. The delay network 415 assures the suppres- 
25 sion of the positive impulse to valve 4IT from 
buffmg valve 405 by delaying ifs delivery until 
after a negative impulse bas arrived ai valve 4IT 
from inverting valve 438. Furthermore, the dura- 
tion of the negative suppressing impu]se from 
30 valve 438 is prolonged by making the value of the 
anode resistor 443 sufliciently high. Thus, the 
negative suppressing impulse deliveled fo valve 
4iT wfll not be removed therefrom until after the 
removal of the positive impulse delivered from 
35 valve 4{}5. Ail this prevents the delivery of a 
negative impulse to, the signal line 42 I. 
The anodes 424 and 434 respectively of signal 
gating valves 422 and 432 are also connected fo 
the inner control electrode 448 of a signal input 
 ], valve 450 by means of a coupling capacitor 45l. 
Signal input valve 459 which is normally non- 
conducting has if inner control electrode 448 
negatively biased by its return to negative bus 
9 through a grid resistor 449. The suppressor 
45 e]ectrode 452 and the cathode 453 of valve 450 
are grounded, and the screen electrode 454 is 
linked to positive bus T0 and connected to ground 
through a bypass capacitor 455. The anode 458 
of input valve 459 connects fo positive bus 90 
50 through an anode resistor 45T and is coupled to 
a signal line 48l through a delay line 458 by con- 
necting to the input thereof. 
The delay line 458 comprises a plurality of 
series connected inductors 459, an input resistor 
5 482 bridging to ground the input end of said ln- 
ductors 459, and a plurality of capacitors 460 each 
connecting the end of an inductor 459 to ground. 
The outPut end of delay line 458 connects fo signal 
line 48l. 
60 When both gating va]ves 422 and 432 become 
nonconductive ai the same rime, a positive-going 
signal developed upon their anodes 424 and 434 
is delivered to the inner control electrode 448 of 
signal input valve . The valve 450 becomes 
6 conductive producing .a negative-going signal 
upon ifs anode 458. This negative signal is de- 
livered te the signal line 461 afteï a delay of ap- 
proximately one puise period af the given repeti- 
tion rate, This delay is imposed by the delay line 
70 458. 
Thus, if a negative impulse is delivered to either 
of the impulse receiving terminals 4 , 4{}2 but hot 
fo both, a negative impulse is delivered fo the sig- 
nal line 42. If neative impulses arrive upon 
? both impulse-receiving terminals 49! and 492 ai 
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the same rime, a signal is not delivered to line 42 
however, a negative impulse is delivered to the 
signal line  ! aïter a one impulse period delay. 
The portion oï the impulse responsive circuit 
shon in Figure 4 thus far described can be con- 
sidered fo be one stage of a two-stage network. 
The second stage tobe described now is in many 
respects similar to the first stage. The signal line 
d2f connects to the inner control electrode 
of a signal bufling valve 51)5 and to the control 
electrode 520 of a signal gating valve 522. The 
signal line 4! is joined fo the auxfliary control 
electrode 507 of the bufiïng valve 5G5 and con- 
nects to the control electrode 52! of .the signal 
gating valve 532. 
The signal buffing valve 505, which is normally 
conducting, has its anode returned to the posi- 
tive bus i)i) through an anode resistor 513 and 
linked to a signal output terminal 550 by means 
of a coupling capacitor 14 through a delay net- 
work 5 ! 5. 
The output end of the de!ay network 515 also 
connects fo the control electrode 56 of a normal- 
ly nonconducting signal inverting valve 57. The 
control electrode 
turning to negative bus i) through grid resistor 
5!8. The inverting valve 57 has its anode 
joined to çositive bus i)9 througt an anode, re- 
sistor 5 9 nd linked fo signal output terminal 
52  throuh a coupling capacitor 52. 
The normally conducting gating valves 522 and 
52 have their anodes returned through an anode 
resistor 5 to positive bus 9i) and linked to the 
control electrode $i) of a signal inverting valve 
$$ through a coupling resistor 50. The con- 
trol electrode 59 of the normally noncondu.cting 
inverting valve 5i) is negatively biased by 
turning through a grid resistor 5! fo negative 
bus Si)  ; the anode of valve i) is returned to pos- 
itive bus 9 through an anode resistor 53 and 
joined fo the input electrode 5G of the signal 
inverting valve 5 
The anodes of signal gaing, va:lves 52-2 and 5.32 
are further connected o the irmer centrol .elc 
trode 58 of the signal input valve 5§i) by means 
of a coupling, capacitor |'. The. inner contro! 
electrode 48of valve 5i) is negatively biasedby 
returning fo negative bus 9 through a griff rë- 
sistor $. A positive impulse upon either óf the 
control electrodes .8, d8 of signal input valve 
45G is sufficient to tender this valve conductive: 
The operation of valves 5i); 517, 522; 53.2, and 
8 are respectively sïmilar to the operation  of 
the valves di); 417-, 42, 452, and 435,previously 
described. Thus, when a negaive impu]se ar- 
rives pon the signal line 42, a positive impulse 
is delivezed fo the output terminal 50, while a 
negative impulse is delivered to: the output termi- 
nal 2 . When a negative impUlse arrives , upon 
the signal line ti6, a positive, impuls'e is likewise 
delivered to terminal 55, while a Hêgative im 
putseis delivered fo terminaï 52 I: Wtïen-neggtive 
impulses arrive upon tlïe signal- lines 
at the saine rime, signals arë not deli-vered to the 
output terminals 5 and 52 , however, a ne'ggtive 
impulse is delivered to the-innercontrol electrode 
48. of the signal input valve 45, Thi's results in 
a negative4mpulse upon line 4a! af.ter .delay Of 
approximately one puise period; Positive-im- 
pulses cannot be zeceived at the same rime by 
bothcontrol electrodes. 543-and 4d$, of the signal 
input valve-4i); for reasons-already explained in 
connection with Figure 1. 
The impu]se response, of. the circuit: shown, in 
Figure i to sers of impulse.irains i simila fo 
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that of the impulse responsive circuits shown in 
Figures i and 4. 
The first stage portion of the circuit shown in 
Figure 4 may be utilized as preViously described 
5 for the first stages of the impulse responsive cir- 
cuits shown in Figures 1 and 3. This circuit may 
be provided with two signal output lines, namely 
lines 2! and . The output response of the 
circuit to input impulse signals is similar fo that 
i0 of the first stage portions of the responsive cir- 
cuits shown in Figures I and 3. 
Whfle only a few representative embodiments 
of apparatus for piactising the inventions dis- 
closed herein bave been outlined in detail, there 
15 will be obvious fo those skilled in the art, many 
modifications and variations accomplishing the 
foregoing objects and realizing many or all of the 
advantages, but whicL yet do not depart essen- 
tially from .the spirit of the invention. 
20 What is claimed is: 
1. In an impulse responsive network, a first 
circuit comprising first and second input conduc- 
tors adapted fo receive stimuli and first and sec- 
ond eutput conductors, said first output conduc- 
25 for being energized upon the occurrence of stimu- 
li on only one of said input conductors, said sec- 
ond output conductor being energized af a pre- 
determined time after the concurrence of stimuli 
.upon both of said input conductors, and a second 
30 circuit comprising first and second input conduc- 
tors adapted fo receive stimuli respectively con- 
necting with the first and second output eonduc- 
tors of said first circuit and first and. secon(1 out- 
put conductors, said first output conductor being 
35 energized upon ttie occmTenCe of stimuli on only 
one of said input conductors, said second output 
conductor enêrgîzing the sec0nd.input conductor 
of said second circuit at a predetermined rime 
after tl.e concurrence of stimuli upon both ' of the 
4o input conductors of said second circuit . 
2. ïn n impulse responsïve network, a first 
circui comprising first and second input con- 
ductors adapted fo receive stimuli and first and 
second output conductors, said firs output ' con- 
45 ductor being energized upon tläe occurrence of 
stimuti on only one of said input conduc0rs,, said 
second output conductor being energized upon 
the concurrence of stimuli upon both of said in- 
put conductoïs, a delay element having an input 
50 lead operatively connecting with the second out- 
put conductor of said first circuit and an output 
lead; and a second' circuit comprising first and 
second input conductors adapted fo receive 
stimu]i respecively Connecting With the first out- 
55 put conductor of said first circuit and the output 
lead of said delày elemenV gnd first and second 
output conductors, said first eutput conductor 
being eaergized upon the occurrence of stimuli 
on only one of said ïnput CondUctors, said second 
ç0 output conductor energiZing the input led Of 
said delgy element upon-:the Iconcurrence of 
simu]i on both of the input conductors, of said 
second circuit. 
3. In an impulse responsive network, a first 
(;5 circuit comprising first and second input con- 
ductors adapted to  receive stimuli and first and 
second output conductors, said first output con- 
ductor being energized upon the occurrence of 
stimuli on only one of said input conductors, said 
7o second output conductor being energized af a 
pedetermine4 rime. after the concurrence of 
stimuli upon both of said input conductors, a 
second-circuit comprisin first and second input 
conductors adapted to recetve stimuli and first 
75 and- second output  conductors» said first output 
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conductor being energized upon the occurrence 
f stimuli on only one of said input conductors, 
said second output conductor being energized at 
a predetermined rime after the concurrence of 
stimuli upon both of said input conductors, a 
first gating connection conditionaliy passing 
stimuli on the first output conductor of said first 
circuit to the first input conductor of said second 
circuit, stimuli on the second output conductors 
of said first and second circuits being condi- 
tionally passed fo the second input conductor 
of said second circuit, a signal line, and a second 
gating connection conditionally passing stimuli 
on the first output line of said second circuit to 
said signal line. 
4. In an impulse responsive network, a first 
circuit comprising first and second input con- 
ductors adapted fo receive stimuli and first and 
second output conductors, said first output con- 
ductor being energized ulon the occurrence of 
stimuli on only one of said input conductors, said 
second output conductor being energized ulon 
the concurrence of stimuli upon both of said in- 
put conductors, a second circuit comprising first 
and second input conductors adapted fo receive 
stimuli and first and second output conductors, 
said first output conductor being energized upon 
the occurrence of stimuli on only one of said 
input conductors, said second output conductor 
being energized upon the concurrence of stimuli 
upon both of said input conductors, a delay ele- 
ment having an output lead operatively connect- 
ing with the second input conductor of said sec- 
ond circuit and an input lead, a first gating con- 
nection conditionally passing stimuli on the first 
output conductor of said first circuit to the first 
input conductor of said second circuit, stimuli 
on the second output conductors of said flrst and 
second circuits being conditionally passed fo the 
input lead of said delay element, a signal line, 
and a second gating connection conditionally 
passing stimuli on the flrst output line of said 
second circuit fo said signal line. 
5. In combination, a flrst signal line, a second 
signal line, a first signal link, a second signal 
link, a first bufling connection between said first 
signal line and said first signal link, a second 
bufling connection between said second signal 
line and said flrst signal link, a first gating con- 
nection adapted fo receive stimuli upon said first 
and second signal lines, said gating connection 
upon the concurrence of stimuli on said first and 
second signal lines energizing said second signal 
link and inhibiting stimulation of said first sig- 
nal link, a delay element having an input lead 
operatively connecting with the second signal 
link and an outpuç lead, a third signal link, a 
third bumg connection between said first sig- 
nal link and said third signal link. a fourth 
buiïlng connection between the output lead of 
said delay element and said third signal link. 
a second gating connection adapted fo receive 
stimuli over said first signal link and upon the 
output lead of said delay element, said gating 
connection upon the concurrence of stimuli on 
said first signal link and upon the output lead 
of said delay element energizing said second sig- 
nal link and intflbiting stimulation of said third 
signal link. 
6. In combination, a first signal line, a first 
bufling valve comprising a first control electrode 
a second control electrode and an output elec- 
trode, a first delay element connecting between 
said first signal line and the first control elec- 
trode of said first buffer valve, a second signal 
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line, a second buiïlng valve comprtsing a flrst 
control electrode a second control electrode and 
an output electrode a second delay element con- 
necting between said second signal line and the 
. first control electrode of said second buffing 
valve, a first signal link operatively connecting 
with the output electrodes of said first and sec 
ond buiïmg valves, a second signal link» and s 
gating valve comprising a first control electrode 
10 connecting with said first signal line a second 
control electrode connecting with said second 
signal line and an output electrode coupled with 
the second control electrodes of said first and sec- 
ond buiïlng valves and with said second signal 
15 link, said gating valve upon the concurrence of 
stimuli upon said first and second signal lines 
energizing said second signal link and inhibiting 
stimulation of said flrst signal link. 
7. In combination, a first signal line, a second 
'.'.0 ignal line, a first buffing valve comprising a 
control electrode operatively connecting with 
said first signal line and an output electrode, a 
second buiïing valve comiriiing a control elec- 
trode operatively connecting with said second 
ç.» signal line and an output electrode, a first signal 
link comprising an electrode structure including 
a control member and an output member, a delay 
element operatively connected between the out- 
put electrodes of said first and second buiïing 
 0 valves and the control member of said first signal 
link, a second signal link, a gating valve com- 
prising a first control electrode connecting with 
said first signal line a second control electrode 
connecting with said second signal line and an 
55 output electrode connecting with the output 
member of said flrst signal link and with said. 
second signal link, said gating valve upon the 
concurrence of stimuli upon said first and sec- 
bnd signal lines energizing said second signal 
,!0 link and inhibiting stimuli upon the output ruera- 
ber of said flrst signal link. 
8. In combination, a first signal line, a second 
signal line. a first buing connection having a 
pair of input elements respectively connecting 
45 with said first and second signal lines and an 
output element, a first coupling connection com- 
prising an input member connecting with said 
first signal line and an output member, a second 
coupling connection comprising an input mem- 
50 ber connecting with said second signal line and 
an output member, a flrst inverting connection 
comprising an input member connecting with 
the output members of said flrst and second cou- 
pling connections and an output member con- 
55 necting with the output element of said flrst 
buiïmg connection, a second buiïmg connection 
having a flrst input element connecting with 
the outpuç element of said first buiïmg connec- 
tion and an output element, a delay link com- 
60 prising a first unilateral input conductor con- 
necting with the output members of said flrst 
and second coupling connections an output con- 
ductor connecting with the second input element 
of said second bufling connection and a second 
65 unflateral input conductor, a third coupling con- 
nection comprising an input member connecting 
with the flrst input element of said second buff- 
ing connection and an output member, a fourth 
coupling connection comprising an input mem- 
ïO ber connecting with the second input element 
of said second buiïmg connection and an output 
member, the output members of said third and 
fourth coupling connections connecting with the 
second unilateral input conductor of said delay 
75 link, and a second inverting connection compris- 
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Ing an input member connecting with the out- 
put members of said third and fourth coupling 
connections and an output member connecting 
wit the output element of said second buffing 
connection. 
9. In combination, a Rrst signal line, a second 
signal line» a buflng connection having a pair oï 
input elements respectively connecting with said 
Rrs and second signal lines and an output ele- 
ment, a flrst coupling connection comprising an 
input member connecting with said flrst signal 
line and an output member, a second coupling 
connection comprlsing an input member con- 
necting with said second signal line and an out- 
put member, an inverting connection compris 
ing an input member connecting with the output 
members of said flrst and second coupling con 
nections and an output member connecting with 
the output element of said btgïLug connection, 
and a transfer delay link having an input lead 
connected to the output members of said rst 
and second coupling connections and an output 
lead. 
10. In combination, a flrst signal line, a sec- 
ond signal line, a buffing connection having a 
pair of input elements respectively connecting 
with said flrst and second signal lines and an 
output element, a flrst coupling connection com- 
prising an input member connecting with said 
flrst signal line and an output member, a second 
coupling connection comprising an input ruera- 
ber connecting with said second signal line and 
an output member» and an invertig connection 

comprising an input member connecting with 
the output members oï said rst and second 
coupling connections and an output member 
connecting with the output element oï said buff- 
5 ing connection. 
11. In combination, a ïn-st signal line, a sec- 
ond signal line, a signal output line, a buRng 
valve comprising a rst control electrode con- 
necting with said first signal line a second con- 
lo trol electrode connecting with said second sig- 
nal line and an output electrode, a delay element 
connecting between the output electrode oï said 
buffing valve and said signal outpuç line, a rst 
coupling valve comprising a control electrode 
15 connecting with said first signal line and' an out- 
put electrode, a second coupling valve compris- 
ing a control electrode connecting with said sec- 
ond signal line and an output electrode, and a 
signal inverting valve comprising a control elec- 
2o trode connecting with the output electrodes oï 
said flrst and second coupling valves and an out- 
put electrode coupled with said signal output line. 
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